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微机电研究中心的实验条件，采用 MEMS 微加工工艺，利用 SnOx 做为电池负极
材料，开发了 LiCoO2/LiPON/SnOx 微型锂离子电池的完整的制备工艺流程，掌握
了工艺参数，并对所制备的微型锂离子电池的电化学性能进行了研究。在测试电
流为 50nA，电压范围为 1.0V - 4.5V 之间进行恒电流充放电测试，循环 900 次发




























With the rapid development of science and technology, micro-scaled electronic 
devices are emerging in peoples’ life. At present, integrative micro power sources 
which can offer low current are needed in many micro-scaled electronic devices. 
Therefore, people are paying more attention to the research of micro-batteries. 
Micro-scaled all-solid-state thin-film lithium ion (Li-ion) batteries are becoming the 
optimal choice of micro power sources. This is because these batteries provide higher 
energy density, higher voltage and have good rechargeability and security. 
On the one hand, the electrochemical properties of Li-ion batteries depend 
mainly on the structures and properties of electrodes. Negative materials are one of 
the research topics. Tin oxide (SnOx) has been proposed as a promising negative 
electrode for all-solid-state thin-film Li-ion batteries, for sake of its high melting point, 
the stability in air, high specific capacity and good cycle performance. On the other 
hand, as a successful thin-film technology, magnetron sputtering has been used widely 
in the preparation of thin films. Up to today, there has been little report about SnOx 
thin-film electrodes prepared by magnetron sputtering. Therefore, our research about 
the preparation of SnOx thin-film electrodes by magnetron sputtering will have a 
positive effect upon the further research of thin-film Li-ion micro-batteries. 
In our research, SnOx thin films as negative electrodes for Li-ion batteries were 
studied at first. The SnOx thin films were deposited by RF magnetron sputtering using 
a Sn metal disk target. The crystal structures and the surface morphology of the films 
were then characterized and analyzed. Besides, we discussed the effect of sputtering 
parameters on the structures and surface morphology of the films. What is more, we 
studied the electrochemical properties of these films. 
The main research results are listed in the following: The nano-particle tin oxide 
thin films were deposited on SiO2/Si and Au/Ti/SiO2/Si substrates by RF magnetron 
sputtering. The phase of SnOx thin films changes from amorphous to crystalline with 















gradually as the sputtering power rises, or the oxygen ratio in sputtering reduces, or 
the substrates’ temperature increases. The tin oxide thin films prepared are consisted 
of SnO and SnO2.  
The electrochemical properties of tin oxide films were then investigated. The 
cyclic voltammograms (CV) and constant current charge–discharge tests indicate that 
there are major differences between the first cycle and following cycles. The SnOx 
thin-film electrodes show preferable cycle performance from the second cycle. 
Moreover, the sputtering parameters, such as the sputtering power, the sputtering 
atmosphere and the substrates’ temperature, have great influence upon the 
electrochemical properties of SnOx films electrodes. 
Then, we realized the fabrication of Li-ion micro-batteries which have a 
configuration of LiCoO2/LiPON/SnOx. Using the MEMS techniques in Pen-Tung Sah 
MEMS Research Center of Xiamen University and adopting SnOx as negative 
electrode, we developed the process flow of micro-scaled LiCoO2/LiPON/SnOx Li-ion 
batteries and generalized the parameters. The micro-batteries were then tested at a 
constant current of 50nA. The cut-off voltage range was fixed at 1.0V-4.5V. The 
results demonstrate that the capacities of micro-scaled Li-ion batteries remain at the 
range of 2.25 nAh and 2.72 nAh.  
The innovative points of our work include the research of the SnOx thin films as 
negative electrodes for lithium ion batteries and the fabrication of micro-scaled 
LiCoO2/LiPON/SnOx lithium ion batteries using MEMS techniques. All these work 
will provide some guidance to the future research and exert a positive effect on the 
realization and application of micro-scaled lithium ion batteries.  
 
 






































2.2.1  X 射线衍射技术（XRD） 
2.2.2  扫描电子显微镜技术（SEM） 











































2.4.1 XRD 分析 
2.4.2 SEM 分析 
2.4.3 XPS 分析 
2.5 不同氧氩比对氧化锡薄膜结构的影响 
2.5.1 XRD 分析 
2.5.2 SEM 分析 
2.5.3 XPS 分析 
2.6 磁控溅射衬底温度对氧化锡薄膜结构的影响 
2.6.1 XRD 分析 
2.6.2 SEM 分析 
2.6.3 XPS 分析 
2.7 本章小结 
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第四章  微型锂离子电池的制备 
4.1 MEMS微加工工艺 
4.1.1 MEMS 微加工简介 
4.1.2 MEMS 微加工主要试剂和主要仪器 
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